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METHOD AND APPARATUS FOR PROBING 

FIELD OF THE INVENTION 

The present invention relates generally to probes for mea 
surement instruments, and more speci?cally to probes that are 
mounted to a circuit-under-test. 

BACKGROUND OF THE INVENTION 

Probes are used to make contact With circuits-under-test. 
For example, if an electrical engineer Wants to observe the 
signal activity on a circuit board trace, the engineer may select 
an active, high-impedance probe such as a P7260 from Tek 
tronix, Inc. of Beaverton, Oreg. When the engineer touches 
the probe’s ?ne tip to the trace, a high input-impedance probe 
ampli?er in the probe tip senses the signal and sends a buff 
ered replica to an oscilloscope for display. 

Designing a probe for high-speed microelectronic circuits 
is very challenging. The ideal probe is easy to connect to the 
circuit-under-test and has high input-impedance (high resis 
tance, loW inductance, and loW capacitance). Unfortunately, 
most common techniques used to make probes easy to con 
nect to the circuit-under-test result in excess inductance and 
capacitance, thereby spoiling the measurement bandWidth 
and ?delity of the probe. Furthermore, each time a user 
touches the probe tip to the trace, the user may approach it 
from a slightly different angle or exert a slightly different 
force, resulting in slightly different contact resistance, induc 
tance and capacitance and therefore unrepeatable measure 
ments. Soldering the probe tip to the trace or using a mechani 
cal probing arm may alleviate these problems somewhat, but 
not entirely. These challenges only get Worse as microelec 
tronic circuits get smaller and faster. 

Other challenges to probing a signal are that the probe 
ampli?er input voltage range may be smaller than the voltage 
of the signal-under-test and that the input capacitance of the 
probe ampli?er may be undesirably high. To alleviate these 
problems, probes use passive attenuators to attenuate the 
signal-under-test before it is ampli?ed, thereby reducing the 
voltage applied to the probe ampli?er and making the input 
capacitance seen from the probe tip smaller by a factor equal 
to the attenuation ratio. Unfortunately, these passive attenu 
ators result in increased expense, complexity, and equivalent 
noise at the input. 
A further challenge is that in some cases the user does not 

see a true representation of the transmitted signal unless the 
trace is probed at particular locations. For example, if the 
trace is a source terminated transmission line, the probed 
signal appears distorted unless the trace is probed at the very 
end of the transmission line, or at the immediate input to the 
receiver. This is due to the fact that on a source terminated 
transmission line the transmitted signal (the “forWard” or 
“incident” Wave) re?ects from the far end of the line and 
propagates back toWard the transmitter (the “reverse” or 
“re?ected” Wave); hoWever, the sum of the forWard and 
reverse Waves (What the probe actually observes) appears 
distorted everyWhere except at the very end of the transmis 
sion line. Unfortunately, the input to the receiver is not gen 
erally accessible for probing; it may be, for example, con 
tained Within a packaged integrated circuit. A related 
challenge is in verifying the termination quality of a load 
terminated transmission line. Here, the object is to verify that 
all of the data transmitted to a receiver is absorbed, or equiva 
lently that no data is re?ected. As such, the user Wants to 
measure the re?ected Wave Without the incident Wave, and for 
the same reason as Was discussed above, a conventional probe 
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2 
is insu?icient. Similarly, in the case of a bidirectional com 
munications link, if the user Wants to measure only signals 
traveling in a particular direction across the link, a conven 
tional probe is again insu?icient because it measures the 
summation of signals traveling in both directions. 
One Way to separate forWard and reverse Waves is to use a 

directional coupler. A typical directional coupler is a 4-port 
passive microWave circuit such as the BDCA1-7-33 from 
Mini-Circuits of Brooklyn, NY. If the BDCA1-7-33’s port 1 
and port 2 are inserted into the conductor of a circuit-under 
test, a portion of the forWard Wave traveling from port 1 to 
port 2 appears at port 3, and a portion of the reverse Wave 
traveling from port 2 to port 1 appears at port 4. Unfortu 
nately, these types of directional couplers are narroWband and 
are therefore not suitable for measuring broadband data sig 
nals. For example, the BDCA1-7-33 is only suitable for sig 
nals betWeen 1.6 GHZ and 3.3 GHZ. This is insuf?cient to 
measure modern broadband serial data signals such as 3.125 

Gb/ s XAUI (Extended Attachment Unit Interface) Which 
typically has frequency content from DC to Well beyond 
3.125 GHZ. 
US. Pat. No. 3,934,213 describes othertypes of directional 

couplers that use ampli?ers to measure and algebraically 
combine the currents and voltages on a transmission line in 
order to form representations of the forWard and reverse 
Waves. This approach takes advantage of the fact that the 
voltages and currents in forWard Waves are in-phase While the 
voltages and currents in reverse Waves are 180 degrees out 
of-phase. These directional couplers are broadband in that 
they operate from DC up to the bandWidth of the technology 
used. Unfortunately, they require measurements from several 
points on a transmission line and in some cases even cutting 
the transmission line to make a series measurement. Thus, 
these types of directional couplers are not naturally suited to 
conventional hand-held probing techniques. 
What is desired is a high-bandwidth, high-?delity probe 

that is easy to connect to microelectronic traces and provides 
repeatable measurements. It is further desired that the probe 
have a reasonable input range and loW input capacitance 
While avoiding the expense, complexity, and input noise pen 
alty associated With passive attenuators. It is further desired 
that the probe have broadband directional sensing capability. 

SUMMARY OF THE INVENTION 

Accordingly, in the present invention a small “consum 
able” probe substrate is permanently mounted to a circuit 
under-test. The probe substrate includes a high-?delity signal 
pathWay Which is adapted to be inserted into a conductor of 
the circuit-under-test and a high-bandwidth sensing circuit 
Which senses a signal-under-test as it propagates along the 
signal pathWay. The probe substrate further includes a probe 
socket for receiving a detachable interconnect to a measure 
ment instrument. PoWer is alternatively supplied to the probe 
by the circuit-under-test or the interconnect. When the inter 
connect is attached, control signals from the measurement 
instrument are supplied to the sensing circuit and the output of 
the sensing circuit is supplied to the measurement instrument. 
In one embodiment the sensing circuit uses high-breakdown 
transistors in order to avoid passive attenuation. In a further 
embodiment the sensing circuit includes broadband direc 
tional sensing circuitry. 

The objects, advantages and other novel features of the 
present invention are apparent from the folloWing detailed 
description When read in conjunction With the appended 
claims and attached draWing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded simpli?ed perspective vieW of a 
probe according to the present invention. 

FIG. 2 is an exploded side vieW of a probe according to the 
present invention. 

FIG. 3 is a simpli?ed schematic vieW of a high input 
impedance differential ampli?er for a probe according to the 
present invention. 

FIG. 4 is a simpli?ed schematic vieW of a directional sens 
ing circuit for a probe according to the present invention. 

FIG. 5 is a simpli?ed schematic vieW of “Y” and “A” 
equivalent circuits for a probe according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 provides a simpli?ed vieW of a probe 100 according 
to the present invention. The probe 100 comprises a small 
“consumable” probe substrate 110 permanently mounted to a 
circuit-under-test 115. The probe substrate 110 includes a 
high-?delity signal pathWay 106 Which is inserted into a 
conductor 120 of the circuit-under-test 115 and a high-band 
Width sensing circuit 105 Which senses a signal-under-test as 
it propagates along the signal pathWay 106. The probe sub 
strate 110 further comprises a probe socket 130 for receiving 
a detachable interconnect 125 to a measurement instrument 

(not shoWn). PoWer is alternatively supplied to the sensing 
circuit 105 by the circuit-under-test or the interconnect 125. 
When the interconnect 125 is attached, control signals from 
the measurement instrument are supplied to the sensing cir 
cuit 105 and an output of the sensing circuit is supplied to the 
measurement instrument. 

FIG. 2 provides a more detailed side vieW of the probe 100. 
The sensing circuit 105 is an integrated circuit mounted face 
doWn on the probe substrate 110 using ?ip-chip solder bump 
technology, Which is in turn mounted to the circuit-under-test 
115 using solder bumps. The conductor 120 includes a gap 
205 for receiving the probe substrate 110, Which is preferably 
designed into the circuit-under-test 115 during the design 
phase. In addition to the solder bumps 210 and 208 required 
to insert the signal pathWay 106 into the conductor 120, 
additional solder bumps (not shoWn for simplicity) may be 
required for mechanical stability and impedance control. The 
probe socket 130 (Which is coupled to the probe substrate 110 
by any suitable means, eg epoxy) secures the interconnect 
125 so that its tip 215 contacts a pad 220 Which in turn 
contacts solder bumps 207 and ultimately the sensing circuit 
105. While the solder bumps 207, pad 220, and tip 215 are 
depicted as one path for simplicity from a side vieW, they may 
comprise multiple paths in order to accommodate additional 
signals such as poWer and control (e. g. gain and offset). Both 
the probe substrate 110 and the circuit-under-test 115 may 
comprise a variety of dielectric materials such as conven 
tional glass reinforced epoxy (also knoWn as “FR-4”) or 
alumina (typically used in high frequency applications). 
Other packaging technologies (e. g. Surface Mount Technol 
ogy) may be used to mount (i.e. physically and electrically 
connect) the sensing circuit 105 to the probe substrate 110 and 
likeWise the probe substrate 110 to the circuit-under-test 115. 
Also, the sensing circuit 105 may be realiZed With discrete 
components mounted directly to the probe substrate 110. 

In operation, the signal-under-test ?oWs from the conduc 
tor 120 up through the solder bumps 210 and 208 and vias 225 
to the signal pathWay 106 and then back doWn to the conduc 
tor 120. In one embodiment of the present invention, the 
sensing circuit 105 receives poWer and control signals from 
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4 
the measurement instrument through the interconnect 125. 
Accordingly, When the interconnect 125 is not attached, the 
sensing circuit 105 is un-poWered and the signal-under-test 
simply ?oWs along the signal pathWay 106. When the inter 
connect 125 is attached, poWer is applied to the sensing circuit 
105, and in response the sensing circuit 105 senses the signal 
under-test and sends a signal representative of it to the mea 
surement instrument. In an alternative embodiment, the sens 
ing circuit 105 obtains poWer and control signals from the 
circuit-under-test 115; thus, the sensing circuit 105 is not 
necessarily un-poWered in the absence of the interconnect 
125. 
The signal pathWay 106, solder bumps 210 and 208, and 

vias 225 are designed to maintain the characteristic imped 
ance of the conductor 120, thereby minimally loading the 
circuit-under-test 115 and providing high-?delity measure 
ments. Furthermore, since the probe substrate 110 is alWays 
connected to the conductor 120 in the same manner (eg 
solder re?oW) the present invention provides more consistent 
contact resistance, inductance, and capacitance and therefore 
more repeatable measurements than a conventional hand 
held probe. 
The probe substrate 110 and probe socket 130 are “con 

sumable.” That is, they are designed to be purchased in quan 
tity and permanently mounted to many anticipated test points 
on the circuit-under-test 115. When the user Wants to probe 
one of these test points, the user simply attaches the intercon 
nect 125 to the appropriate probe socket and probe substrate. 
In this manner, the probe 100 is easy to connect to the circuit 
under-test 115 and yet provides for repeatable, high-band 
Width, high-?delity measurements. 
A further advantage of the present invention is that the 

inherent capacitance of the circuit-under-test 115 protects the 
sensing circuit 105 from damage due to electro-static dis 
charge (ESD). That is, a conventional hand-held probe must 
include ESD protection circuitry at the probe tip, but at the 
cost of excess capacitance Which spoils the measurement 
bandWidth and ?delity of the probe. HoWever, given that the 
probe substrate 110 is permanently mounted to the circuit 
under-test 115 (the mounting having been performed in a 
static controlled environment) the sensing circuit 105 may 
rely on the inherent capacitance of the circuit-under-test 115 
for protection from ESD. As a result, the sensing circuit 105 
may use less ESD protection circuitry and thereby offer supe 
rior measurement bandWidth and ?delity. 
One aspect of the present invention is a recognition that 

certain types of modern high-performance transistors have 
loW enough input capacitance and high enough breakdoWn 
voltage that they may be used as probe input devices. “High 
breakdoWn” transistors typically have poor bandWidth, but 
recent semiconductor processes such as Silicon Germanium 
7HP from IBM Corporation of White Plains, NY. produce 
high breakdoWn transistors With loW input capacitance, high 
breakdoWn voltage, and high bandWidth. Accordingly, the 
sensing circuit 105 may use high-breakdoWn transistors at its 
input, thereby avoiding the need for a passive attenuator. This 
makes it possible to avoid the excess capacitance and com 
plexity of a passive attenuator, makes it possible to use less 
expensive packaging technology that does not have attenua 
tor resistor technology, and provides decreased equivalent 
noise at the probe tip, all of Which make it practical for the 
probe substrate 110 to be a “consumable” product. 

In the preceding discussion, the conductor 120, solder 
bumps 210 and 208, vias 225, and signal pathWay 106 are 
depicted as single-ended traces for simplicity. HoWever, the 
conductor 120 may be differential or a multi-trace bus. In 
such cases, the solder bumps 210 and 208, vias 225, and 
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signal pathway 106 are likewise differential or multi-trace 
buses With each trace having its oWn sensing circuit 105. 

Similarly the sensing circuit 105 may be a high input 
impedance single-ended ampli?er or a differential ampli?er. 
One such differential ampli?er 300 is shoWn in FIG. 3. Inputs 
InP and InN connect transistors Q301 and Q302 directly to a 
differential signal pathWay 106. In operation, control signals 
OSP and OSN pre-bias the tail currents of transistors Q301 
and Q302 to provide offset, thereby extending the usable 
input range. The combination of resistors R301, R302, R303, 
and R304 produces a differential signal voltage across R303 
and R304 Which is 0.4 times the input voltage. This differen 
tial voltage is level shifted and applied across the bases of 
transistors Q309 and Q310 Which in turn drives outputs OutP 
and OutN through resistors R309 and R310. When OutP and 
OutN drive into 509 transmission lines, the output voltage is 
0.2 times the input voltage. In order to tolerate the common 
mode voltage range of the input, transistors Q301, Q302, 
Q388, and Q389 are high breakdoWn transistors. While the 
level shifted voltages are applied to the output through Q309 
and Q310, the current signal actually goes through capacitors 
C319 and C320 and transistors Q314 and Q315 and modu 
lates currents in transistors Q311 and Q312 in order to pro 
vide the output signal current. Emitter folloWers Q309 and 
Q310 only have minor signal currents due to small mis 
matches or errors. One skilled in the art Will appreciate that 
While this analysis uses a 509 characteristic impedance and a 
0.2 attenuation ratio, this circuit may be adapted to suit any 
arbitrary characteristic impedance or attenuation ratio. 

Since the probe substrate 110 is permanently attached to 
the circuit-under-test 115, it is noW practical to make mea 
surements Which are not easily made With conventional hand 
held probes. For example, in another embodiment of the 
present invention the sensing circuit 105 includes a broad 
band directional coupler 400 as shoWn in FIG. 4.A broadband 
poWer splitter 405 (comprising resistors R435, R440, and 
R445) is connected in series With the signal pathWay 106, port 
1 being the “forWard” port, port 2 being the “reverse” port, 
and port 3 being terminated by R410. Ampli?er A425 mea 
sures the difference betWeen port 3 and ground With a gain of 
2.5 (V P) and ampli?er A430 measures the voltage difference 
betWeen ports 1 and 2 With a gain of 2.5 (VS). The output 
signals of ampli?ers A425 andA430 are added and subtracted 
to form the forWard and reverse Waves, respectively. This 
addition and subtraction may be performed With additional 
circuitry (not shoWn) in the sensing circuit 105, in Which case 
the resulting sum or difference signal is delivered to the 
measurement instrument. Alternatively, the output signals of 
both ampli?ers may be delivered to the measurement instru 
ment, in Which case they may be either added and subtracted 
With circuitry in the measurement instrument, or digitiZed and 
then added and subtracted in softWare. 

To understand the circuit operation, consider that the poWer 
splitter 405 is symmetrical With respect to ports 1 and 2, and 
the impedance looking into port 1 or 2 of the poWer splitter is 
509 When the other ports are terminated in 509. When a 
current If?OWS into port 1, a current 0.8 If?OWS out of port 2 
and a current 0.2 If?OWS out of port 3. LikeWise, by symmetry, 
When a current I, ?oWs into port 2, a current 0.8 I, ?oWs out of 
port 1 and a current 0.2 I, ?oWs out of port 3. By de?ning 

the voltage difference from port 1 to port 2 becomes 

VS:0.2 V/,-0.2 V, 

and the voltage at port 3 is 

V,,:0.2 V,+0.2 V,. 
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Solving for Vfand V,, 
Vf2.5( V,+ VS) and V,:2.5( VP— VS). 

Thus, the sum and the difference of the output signals of 
ampli?ers A425 and A430 are the forWard and reverse sig 
nals, respectively. 

While the preceding analysis uses a 509 characteristic 
impedance and an attenuation ratio of 0.8, this principle may 
be applied to any arbitrary impedance or attenuation ratio. 
Further, the poWer splitter 405 may be formed on an inte 
grated circuit or printed directly on the substrate 110, and 
various poWer splitter circuits are suitable, such as the equiva 
lent “Y” and “A” circuits 505 and 510 shoWn in FIG. 5. 
What has been described is a small “consumable” probe 

substrate and probe socket and a detachable interconnect to a 
measurement instrument that is easy to connect to microelec 
tronic traces and yet provides high-bandWidth, high-?delity 
measurements. In one embodiment a probe according to the 
present invention uses hi gh-breakdoWn transistors to provide 
a reasonable input voltage range and loW input capacitance 
While avoiding the expense, complexity, and input noise pen 
alty associated With passive attenuators. In a further embodi 
ment the probe includes a broadband directional coupler. 
What is claimed is: 
1. A probe comprising: 
a probe substrate adapted to be mounted to a circuit-under 

test, the probe substrate having a signal pathWay adapted 
to be inserted into a conductor of the circuit-under-test; 

a sensing circuit coupled to the signal pathWay for sensing 
a signal-under-test from the conductor; and 

a probe socket coupled to the probe substrate adapted for 
receiving a detachable interconnect to a measurement 
instrument, the probe socket and interconnect providing 
an electrical interface betWeen the sensing circuit and 
the measurement instrument for the signal-under-test. 

2. A probe as recited in claim 1 Wherein the detachable 
interconnect delivers poWer and control signals from the mea 
surement instrument to the sensing circuit and delivers an 
output of the sensing circuit to the measurement instrument. 

3. A probe as recited in claim 2 Wherein the sensing circuit 
comprises a transistor having a hi gh-breakdoWn characteris 
tic, an input terminal of the transistor being coupled directly 
to the signal pathWay With no intervening components. 

4. A probe as recited in claim 2 Wherein the sensing circuit 
comprises a directional sensing circuit. 

5. A probe as recited in claim 4 Wherein the directional 
sensing circuit comprises: 

a poWer splitter having a ?rst port, a second port, and a third 
port, the ?rst and second ports being inserted into the 
signal pathWay and the third port being terminated; 

a ?rst ampli?er for measuring a voltage difference betWeen 
the third port of the poWer splitter and ground; 

a second ampli?er for measuring a voltage difference 
betWeen the ?rst and second ports of the poWer splitter; 

the sum of the outputs of the ?rst and second ampli?ers 
being the forWard signal-under-test; and 

the output of the second ampli?er subtracted from the 
output of the ?rst ampli?er being the reverse signal 
under-test. 

6. A method of probing comprising the steps of: 
mounting a probe substrate having a sensing circuit and a 

signal pathWay to a circuit-under-test such that the signal 
pathWay is inserted into a conductor of the circuit-under 
test; 

sensing a signal-under-test from the conductor With the 
sensing circuit as it propagates across the signal path 
Way; and 
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coupling a measurement instrument to the sensing circuit 
With a detachable interconnect, the interconnect being 
received by a probe socket coupled to the probe sub 
strate, the interconnect and probe socket providing an 
electrical interface betWeen the sensing circuit and the 
measurement instrument. 

7. A method of probing as recited in claim 6 Wherein the 
coupling step further comprises: 

delivering poWer and control signals from the measure 
ment instrument to the sensing circuit; and 

delivering an output of the sensing circuit to the measure 
ment instrument. 

8. A method of probing as recited in claim 7 Wherein the 
sensing step further comprises sensing the signal-under-test 
With a transistor having a high-breakdown characteristic, an 
input terminal of the transistor being coupled directly to the 
signal pathWay With no intervening components. 

8 
9. A method of probing as recited in claim 7 Wherein the 

sensing step further comprises directionally sensing the sig 
nal-under-test. 

10. A method of probing as recited in claim 9 Wherein the 
5 directional sensing step comprises the steps of: 

a. inserting a poWer splitter in the signal pathWay, the 
poWer splitter having a ?rst port, a second port, and a 
third port, the ?rst and second ports being in series With 
the signal pathWay and the third port being terminated; 

. measuring a voltage difference betWeen the third port of 
the poWer splitter and ground; 

. measuring a voltage difference betWeen the ?rst and 
second ports of the poWer splitter; 

. adding the measurements of steps b and c to form a 
forWard signal-under-test; and 

. subtracting the measurement of step c from the measure 
ment of step b to form a reverse signal-under-test. 

* * * * * 


